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For decades, the bio-duck sound has been recorded in the Southern Ocean, 
but the animal producing it has remained a mystery. Heard mainly during 
austral winter in the Southern Ocean, this ubiquitous sound has been 
recorded in Antarctic waters and contemporaneously off the Australian 
west coast. Here, we present conclusive evidence that the bio-duck sound 
is produced by Antarctic minke whales (Balaenoptera bonaerensis). We ana- 
lysed data from multi-sensor acoustic recording tags that included intense 
bio-duck sounds as well as singular downsweeps that have previously 
been attributed to this species. This finding allows the interpretation of a 
wealth of long-term acoustic recordings for this previously acoustically con- 
cealed species, which will improve our understanding of the distribution, 
abundance and behaviour of Antarctic minke whales. This is critical infor- 
mation for a species that inhabits a difficult to access sea-ice environment 
that is changing rapidly in some regions and has been the subject of 
contentious lethal sampling efforts and ongoing international legal action. 
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1. Introduction 

The bio-duck sound has been recorded ubiquitously in the Southern Ocean by 
researchers for over five decades. First described and named by submarine per- 
sonnel in the 1960s, the bio-duck has since been recorded at various locations in 
the Southern Ocean, but its source remained a mystery [1-6]. The sound consists 
of a regular series of downswept pulses, ranging from 50 to 300 Hz, with harmo- 
nics of up to 1 kHz. The number of pulses within a series can differ within and 
between recording locations, but the sound is highly repetitive with a typical 
interval of 3.1 s between the start of two series [1]. The enigma surrounding 
the sound has been further deepened by its discordant seasonal occurrence pat- 
terns. During winter and spring, the bio-duck occurs simultaneously in the 
eastern Weddell Sea and off Western Australia, indicating a very widespread dis- 
tribution of the species, or potentially a seasonal migration by one segment of the 
population and year-round presence in Antarctic waters by another [3,6]. 

© 2014 The Authors. Published by the Royal Society under the terms of the Creative Commons Attribution 
License http://creativecommons.0rg/licenses/by/3.O/, which permits unrestricted use, provided the original 
author and source are credited. 
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Figure 1. Complete dive profile of the Antarctic minke whale tagged in Wilhelmina Bay (64°41 / S, 62°13 / W) on 13/14 February 2013. Times at which vocalizations 
occurred are marked with vertical bars (green, downsweep; turquoise, bio-duck sound). Inset shows detail of two lunge-feeding dives (lunges marked by red circles) 
during which bio-duck sounds were recorded on the tag. 



Here, we present conclusive evidence attributing the 
bio-duck sound to Antarctic minke whales. We describe 
acoustic recordings from multi-sensor acoustic recording tag 
(Acousonde) deployments on two Antarctic minke whales 
in Wilhelmina Bay, Antarctic Peninsula. These were the first 
acoustic tags deployed on Antarctic minke whales, providing 
a unique opportunity for detailed study of their vocalizations. 



2. Material and methods 

In the austral summer (13 and 15 February) 2013, two Antarctic 
minke whales were tagged with multi-sensor suction-cup tags, 
equipped with an HTI-96-MIN hydrophone (High Tech, Inc., 
Long Beach, MS, USA; sensitivity: -187.2 dB re 1 V imPa" 1 ), 
recording continuously at a sample rate (SR) of 25811 Hz. The 
recording system had a flat frequency response ( + 3 dB) in the 
22-9292 Hz frequency band. In addition to acoustic data, auxili- 
ary sensors sampled temperature, pressure, 3-axis accelerometry 
and magnetometry at 10 Hz. Tags were deployed in Wilhelmina 
Bay, off the western Antarctic Peninsula (64°41' S, 62°13' W and 
64°38 / S, 62°16 / W) using a hand-held carbon fibre pole from a 
rigid-hulled inflatable boat (RHIB). 

Spectrograms (fast Fourier transform (FFT) size: 4096 points, 
95% overlap, Hanning window, time and frequency resolution: 
8 ms and 6 Hz) were generated and analysed using Raven Pro 
v. 1.5 [7]. Presence of vocalizations was evaluated manually 
based on these spectrograms, and start and end time (s), 
90%-energy duration (s), peak, centre and first and third quartile 
frequencies (Hz) were measured for each identified sound. Voca- 
lizations were filtered between 22 and 200 Hz using a 4-pole 
Butterworth bandpass filter, and RMS received levels (RLs) 
were calculated within the 90% duration time window using 
MATLAB (2007a, The MathWorks Inc., Natick, MA, USA). 

In addition, vocalizations were compared to example data 
from PALAOA (22 July 2006; 70°31'S, 8°13'W) [8]; Dumont 
D'Urville (3 June 2006; 65°33' S, 140°32 / E) [9] and Ross Island 
(22 November 1964; 77°30' S, 168°00 / E) [10]. 



3. Results 

The two tags recorded for 18 and 8 h, respectively. During both 
deployments the tagged whales were in large single-species 
groups of five to about 40 animals and fed almost con- 
tinuously [11]. Vocalization rates were low; only 32 clear 
calls, with a signal-to-noise ratio of more than 10 dB, were 
recorded in this entire dataset. Most calls (ft = 26) were 
recorded when the tagged animal was close to the surface 
(mean + s.d.: 2.6 + 0.7 m). The bio-duck sound in = 6) was 
recorded on one of the tags, just before a feeding dive (figure 
1). The vocalization consisted of series of 5-12 pulses, pro- 
duced in regular sequences at an interval of 3.1 s (measured 
from the start of one series to the start of the next). Most 
energy was contained between 146 + 12 and 165 + 16 Hz 
(mean + s.d., first and third quartiles), and pulses exhibited 
peak frequencies of 154 + 13 Hz. The 90% energy duration of 
individual pulses was 0.1 s. The identification of these 
sounds as the bio-duck was based on comparisons with the 
published literature [1,3-6]. In addition, based on spectral 
and temporal content, tag recordings were matched to bio- 
duck sounds recorded on long-term, bottom-mounted 
recorders at PALAOA [8] (70°31 / S; 8°13' W) and at Dumont 
D'Urville [9] (65°33' S; 140°32 / E) (figure 2a-c). Comparisons 
with the PALAOA recordings in particular revealed similarity 
in frequency range, number of pulses, and in the stereotypic 
interval of 3.1 s between bio-duck series (figure 2a, b). 

Apart from the bio-duck sound, low-frequency down- 
sweeps (n = 26) were the most frequently recorded sound on 
both tags, with a mean peak frequency of 83.1 + 16.7 Hz, 
and a duration of 0.2 s (figure 2d-f). Low-frequency down- 
sweeps (60-130 Hz) have previously been recorded in the 
Ross Sea (77°30' S 168°00 / E) during a close encounter with 
two Antarctic minke whales [10]. These sounds have very 
similar characteristics to our data (figure 2d,e). In addition, 
similar downsweeps were recorded in conjunction with the 
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Figure 2. Bio-duck and downsweep sounds compared between different recording locations. Bio-duck: (a) Wilhelmina Bay (14 February 2013; 64°41' S, 62°13' W; 
acoustic recording tag; SR: 25 811 Hz; filtered and downsampled to 2000 Hz; FFT: 512; 95% overlap; Hanning window); (b) PALAOA station (22 July 2006; 70°31' S, 
8°13' W; long-term recorder; SR: 48 000 Hz; filtered and downsampled to 2000 Hz; FFT: 512; 95% overlap; Hanning window); (c) Dumont D'Urville (3 June 2006; 
65°33'S, 140°32'E; long-term recorder; SR: 4000 Hz; filtered and downsampled to 2000 Hz; FFT: 512; 95% overlap; Hanning window). Downsweeps: 
(d) Wilhelmina Bay (13 February 2013; 64°41'S, 62°13 / W; acoustic recording tag; SR: 25811 Hz; FFT: 4096; 95% overlap; Hanning window); (e) Ross Island 
(22 November 1964; 77°30' S, 168°00' E; opportunistic recording; SR: 2000 Hz; FFT: 512; 95% overlap; Hanning window); (f) PALAOA station (22 July 2006; 
70°31'S, 8°13'W; long-term recorder; SR: 48 000 Hz; filtered and downsampled to 2000 Hz; FFT: 512; 95% overlap; Hanning window) (see the electronic 
supplemental material for all sound files). (Online version in colour.) 



Table 1. Acoustic parameters (mean + s.d.) of bio-duck (N = 6/n = 41 pulses) and downsweep (N= 26) sounds recorded on two acoustic recording tags. 
n(P), number of individual pulses; PF, peak frequency; CF, centre frequency; Q25, first quartile frequency (25%); Q75, third quartile frequency (75%); DUR90(P), 
90% energy duration of individual pulses/downsweeps; RMS RL, RMS received level. 





n(P) 


PF (Hz) 


CF (Hz) 


Q25 (Hz) 


Q75 (Hz) 


DUR90 (P) (s) 


RMS RL (dB re 1 jxPa) 


bio-duck 


7 ± 3 


154 ± 13 


155 ± 13 


146 + 12 


165 ± 16 


0.1 ± 0.0 


140.2 + 3.6 



downsweep 83 + 17 84 + 17 75 + 15 94 + 15 0.2 + 0.1 147.3 + 5.3 



bio-duck sound at PALAOA (figure If) and in Western 
Australia [1]. 

Bio-duck RLs at the tag averaged 140.2 + 3.6 dB re 1 |aPa, 
and downsweeps were received at a mean RL of 147.3 + 
5.3 dB re 1 |jiPa (table 1). One complication of acoustic tag 
recordings is the difficulty in ascribing calls to the focal 
animal [12]. However, during daylight, tagged whales were 
visually tracked from a RHIB. During these focal follows, 
no other marine mammal species were observed within 
1 km of the focal minke whale groups. Previous calculations 
of source levels for minke whale vocalizations were in the 



range of 160-165 dB re 1 |jiPa [13,14]. Given the reported 
RLs, assuming spherical spreading (20 x log(i^)) [15] and 
source levels for the bio-duck sound to be similar to those 
reported for other minke whale sounds, the sound source 
was within one to two body lengths of the recording tag. 
Given the observation of large groups in which animals 
were frequently associated, the absence of other species 
during the time when calls were recorded and RLs that indi- 
cate a source close to the tagged animals, we conclude that 
recorded sounds were produced by either the focal animal 
or other Antarctic minke whales in the immediate vicinity. 



4. Discussion 

This study is the first to analyse acoustic tag recordings from 
Antarctic minke whales. Our results solve the mystery around 
the source of the bio-duck sound, which is one of the most pre- 
valent sounds in the Southern Ocean during austral winter and 
can now be attributed unequivocally to the Antarctic minke 
whale. These results have important implications for our under- 
standing of this species, which is of particular priority to the 
International Whaling Commission [16,17]. 

Antarctic minke whales live in remote open-water 
environments and within sea ice habitats [18]. Traditional 
ship-based study methods are extremely expensive, and 
data from such studies are complex and difficult to interpret 
[19-21]. The acoustic identification of Antarctic minke whales 
offers the opportunity to retrospectively analyse several 
years' worth of existing long-term recordings to explore sea- 
sonal occurrence and migration patterns of this species, 
including the possibility of using acoustics to estimate abun- 
dance [22]. Of particular interest in this respect is the 
prevalence of the bio-duck in Antarctic waters during austral 
winter [6], indicating that a large part of the population may 
stay in ice-covered waters year-round. Similar results have 
been suggested from visual sighting records [23,24]. How- 
ever, recordings of the sound off Western Australia also 
during winter indicate that while one population segment 
remains in the ice, part of the population may undertake sea- 
sonal migrations to lower latitudes [3]. A reduced occurrence 
of the bio-duck sound in Antarctic summer recordings [6] 
probably relates to a change in behaviour and reduced 
vocal activity during times of intense foraging [11] as 



suggested by the low call rates in our recordings, rather 
than a change in the relative abundance of whales during 
this time. 

Acoustic recordings can provide insight into potential 
population differentiation based on geographical differences 
in vocal behaviour. For example, bio-duck sounds from 
Dumont D'Urville, East Antarctica [9], as well as sounds 
reported in archived recordings made in the Ross Sea [2], 
exhibited three pulses per burst. In contrast, recordings of 
bio-duck sounds from West Antarctica [8], including the 
sounds described here, typically have five to six pulses. 

In conclusion, the identification of the Antarctic minke 
whale as the source of the bio-duck sound will allow a 
more detailed understanding of the behavioural ecology of 
this abundant, but poorly understood species. Furthermore, 
the value of passive acoustic monitoring will be significantly 
increased in remote areas of the Antarctic, especially during 
austral winter, when visual surveys are essentially infeasible. 



Acknowledgements. We would like to thank L. Sayigh and M. A. Daher 
for providing access to W. E. Schevill and W. A. Watkin's 1964 
minke whale recordings from Ross Island, Antarctica. Thanks to 
J. Goldbogen for help with dive data analysis. We would also like 
to thank the captain and crew of the R/V Point Sur as well as 
J. Durban, B. Pitman, R. Tyson and M. Bowers for their help in the 
field. Research was conducted under National Marine Fisheries 
Service Permit 14097, Antarctic Conservation Act Permit 2009-013 
and Duke University IACUC A49-12-02. 

Funding statement. This research was supported by a grant from the 
National Science Foundation's Office of Polar Programs. Additional 
funding to D.R. was provided by the US Navy Environmental 
Readiness Division (N45). 



b 
<5 



References 

1. Matthews D, Macleod R, McCauley RD. 2004 
Bio-duck activity in the Perth Canyon. An 
automatic detection algorithm. In Proceedings 

of Acoustics 2004, 3-5 November 2004, Gold Coast, 
Australia, pp. 63-66. 

2. Poulter T. 1964 Leopard seal Hydrurga leptonyx, ML 
audio 120342, December 26, 1964, Macaulay 
Library, Cornell Lab of Ornithology. See www. 
macaulaylibrary.org. 

3. McCauley R. 2004 Western Australian exercise 
area blue whale project: final summary 

report. CMST Report R2004- 29, Project-350, 1-73. 

4. Dolman SJ, Swift RJ, Asmus K, Thiele D. 2005 
Preliminary analysis of passive acoustic recordings 
made in the Ross Sea during AN SLOPE III in 2004. 
Paper SC/57/E10 presented to the Scientific 
Committee of the International Whaling Commission, 
1-8. 

5. Klinck H, Burkhardt E. 2008 Marine mammal 
automated perimeter surveillance: MAPS. Rep. Polar 
Mar. Res. 580, 114-121. 

6. Van Opzeeland IC. 2010 Acoustic ecology of 
marine mammals in polar oceans. Rep. Polar Mar. 
Res. 619, 332. 

7. Bioacoustics Research Program. 2014 Raven Pro: 
interactive sound analysis software (version 1.5) 
(Computer Software). Ithaca, NY: The Cornell 



Lab of Ornithology. See http://www.birds.cornell. 
edu/raven. 

8. Kindermann L. 2013 Acoustic records of the 
underwater soundscape at PALA0A with links to 
audio stream files, 2005-2011. Alfred Wegener Inst. 
Helmholtz Cent. Polar Mar. Res. Bremerhaven. 
(doi:10.1594/PANGAEA.773610) 

9. Gedamke J, Gales N, Hildebrand J, Wiggins S. 2007 
Seasonal occurrence of low-frequency whale 
vocalizations across eastern Antarctic and southern 
Australia waters, February 2004 to February 2007. 
Paper SC/59/SH57 presented to the Scientific 
Committee of the International Whaling Commission, 
1-11. 

10. Watkins WA. 2001 Collection of marine 
mammal sound recordings, 1934-2001. 
Tape 64103, November 22, 1964, Data 

Library and Archives, Woods Hole Oceanographic 
Institution. 

11. Friedlaender AS, Goldbogen J, Nowacek DP, Read 
AJ, Johnston DW, Gales N. Submitted. Feeding 
rates and under-ice foraging strategies of the 
smallest bulk-filter feeder, the Antarctic minke 
whale. 

12. Johnson M, Aguilar de Soto N, Madsen PT. 2009 
Studying the behaviour and sensory ecology of 
marine mammals using acoustic recording tags: a 



review. Mar. Ecol. Progr. Ser. 395, 55-73. (doi:10. 
3354/meps08255) 

13. Schevill WE, Watkins WA. 1972 Intense low- 
frequency sounds from an antarctic minke 
whale, Balaenoptera acutorostrata. Breviora 
388, 1-8. 

14. Gedamke J, Costa DP, Dunstan A. 2001 
Localization and visual verification of a 
complex minke whale vocalization. J. Acoust. 
Soc. Am. 109, 3038-3047. (doi:10.1121/1. 
1371763) 

15. Urick RJ. 1983 Principles of underwater sound, 3rd 
edn. New York, NY: McGraw-Hill. 

16. Scheidat M, Friedlaender A, Kock K-H, Lehnert L, 
Boebel 0, Roberts J, Williams R. 2011 
Cetacean surveys in the Southern Ocean 

using icebreaker-supported helicopters. Polar 
Biol. 34, 1513-1522. (doi:1 0.1 007/s00300-01 1 - 
1010-5) 

17. Leaper R, Miller C. 2011 Management of Antarctic 
baleen whales amid past exploitation, current 
threats and complex marine ecosystems. Antarct. 
Sci. 23, 503-529. (doi: 1 0. 1 01 7/S09541 0201 1 0 
00708) 

18. Ainley DG, Dugger KM, Toniolo V, Gaffney I. 2007 
Cetacean occurrence patterns in the Amundsen and 
southern Bellingshausen sea sector, southern ocean. 



Mar. Mamm. Sci. 23, 287-305. (doi:1 0.1 1 1 1/j. 
1748-7692.2007.001 09.x) 

19. Kelly N, Murase H, Kitakado T, Kock K-H, Williams R, 
Feindt-Herr H, Wall0e L. 2012 Appraisal of methods and 
data to estimate abundance of Antarctic minke whales 
within sea ice covered areas of the Southern Ocean. 
Paper SC/64/IA10 presented to the Scientific Committee 
of the International Whaling Commission, 1-6. 

20. Bravington MV, Hedley SL. 2012 Abundance 
estimates of Antarctic minke whales from 



the IWC IDCR/SOWER surveys, 1986-2002. Paper 
SC/64/113 presented to the Scientific Committee of 
the International Whaling Commission, 1-17. 

21. Williams R et al. 2014 Counting whales in a 
challenging, changing environment. Sci. Rep. 4. 
(doi:1 0.1 038/srep041 70) 

22. Marques TA, Thomas L, Martin SW, Mellinger DK, Ward 
JA, Moretti DJ, Harris D, Tyack PL. 2013 Estimating 
animal population density using passive acoustics. Biol. 
Rev. 88, 287-309. (doi:1 0.1 1 1 1 /brv.1 2001 ) 



23. Friedlaender AS, Halpin P, Qian S, Lawson G, 
Wiebe P, Thiele D, Read A. 2006 Whale 
distribution in relation to prey abundance 
and oceanographic processes in shelf waters 
of the Western Antarctic Peninsula. Mar. Ecol. 
Prog. Ser. 317, 297-310. (doi:10.3354/ 
meps317297) 

24. Scheidat M et al. 2008 Antarctic Sea ice habitat 
and minke whales. Annual Science Conference in 
Halifax, 22-26 September 2008, Halifax, Canada. 



